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g Abstract 

. We investigate the constraints on the anomalous quartic W~^W^ gauge boson couphng 

i-Q ' through the process e~7 — > V(,W~ Z. Considering incoming beam polarizations and the longi- 

^ \ 

tudinal and transverse polarization states of the final W and Z boson we find 95% confidence level 
limits on the anomalous coupling parameter a„ with an integrated luminosity of 500 fh and 

fH \ 

'q^, y^=0.5, 1 TeV energies. We show that initial beam and final state polarizations improve the 

Qh' sensitivity to the anomalous coupling by up to factors of 2 - 3.5 depending on the energy. 
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I. INTRODUCTION 



The Standard Model (SM) has been a pillar of particle physics. It was subjected to many 
experimental tests but SM has overcome so many of these experimental and theoretical 
conflicts. In the recent experiments at CERN e'^e~ collider LEP and Fermilab Tevatron 
SM of electroweak interactions have been tested with a good accuracy and the experimental 
results confirms the SUl{2) x t/y(l) gauge structure of the SM. However, Higgs bosons have 
not been observed and one of the main goals of future experiments is to pursue its trace. SM 
is largely silent on the issue of the origin of the Higgs boson and many physicists believe that 
nature might use a more elegant way to accomplish symmetry breaking and mass generation. 
These kind of considerations motivate us to keep the trace of a more fundamental theory 
(new physics) in which SM would be embedded. 

Self-interactions of gauge bosons have not been tested with a good accuracy and their 
precision measurements are in the scope of future experiments. Precision measurements 
of these couplings will be the crucial test of the structure of the SM. Deviation of the 
couplings from the expected values would indicate the existence of new physics beyond the 
SM. In this work we analyzed genuinely quartic W^W~ Z'y coupling which do not induce 
new trilinear vertices. Genuine quartic couplings are contact interactions, manifestations 
of the exchange of heavy particles. They have different origins than anomalous trilinear 
couplings. Trilinear couplings are form factors where heavy fields are integrated out at the 
one-loop level. Therefore it is reasonable to assume that quartic couplings are modified by 
genuine anomalous interactions while the trilinear couplings are all given by their SM values. 

.„ wdtiug efetiv. operators associated to geuuiuely quartic coupl.ug. we employ the 
formalism of [1]. Imposing custodial SU{2)weak symmetry and local U{l)em symmetry, 
dimension 6 effective lagrangian for the W~^W~ Z'j coupling is given by, 

= ^ane.,.W^«W^p)W^(^)"F'^'^ (1) 

where W^^'' is the SU{2)weak triplet, and F^i, and wjill are the electromagnetic and 
SU{2)iYeak field Strengths respectively, is the dimensionless anomalous coupling con- 
stant. For sensitivity calculations to the anomalous coupling we set the new physics energy 
scale A to Mw- The vertex function for W^{p'^)W^{p'i)Z{pi)'j{p2) generated from the 
effective lagrangian (1) is given by 
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4 COS u\yI\ 

-9ua [9t,pP2-{Pl - P-) - P2t,{Pl - P-)l3] 
+9f,v [9a(3P2-{P+ -P-)- P2a{p+ -P-)^] 
-Plf,{9ul3P2a - 9a/3P2u) + Plui9f^f3P2a - 9a/3P2f,) 

~P-a{9fif3P2'^ - 9umf^) + P+a{9upP2l^ " 9^lPP2y) 
-P+u{9a02f, - 9fipP2a) + P-f,{9 af3P2u 9upP2a 

)] (2) 

For a convention, we assume that all the momenta are incoming to the vertex. It should 
be noted that lagrangian (1) represents only the anomalous W~^W~ Z'-f coupling. In the 
cross section calculations one should consider the lagrangian C = Csm + i^n where Csm is 
the SM lagrangian for the vertex W^W~ Z'y. Therefore within the SM, a„ = 0. 

CERN e~^e~ collider LEP provide present collider limits on anomalous quartic W~^W~ Zj 
coupling. At LEP the scaled anomalous coupling is constrained by analysing the process 
e^e^ W~^W~'j. This process is sensitive to anomalous quartic gauge couplings in both 
W~^W~Zj and W~^W~'y'y. Recent results from L3, OPAL and DELPHI collaborations for 
W+W-Z-f coupling are given by -0.14 GeV-'^ < jfi < 0.13 GeV-^, -0.16 GeV-^ < ft < 
0.15 GeV~^ and -0.18 GeV-"^ < ^ < 0.14 GeV~^ at 95% C.L. respectively 

There have been several studies in the literature for anomalous quartic W^W~ Z'j cou- 
pling through the processes e+e" W~^W~Z,W~^W~'y,W^W~{-f) — > 4/7 [3|, 67 
eW~^W~,i'eW~Z [1] and 77 W~^W~Z [4]. In the most of these studies mentioned 
above future International Linear Collider (ILC) and its 67 and 77 modes have also been 
considered. At the 67 mode of ILC anomalous W^W~ Z'-f coupling appears in eW^W~ 
and UeW'Z production processes. As stated in ref.pi] u^W^Z production is much more 
sensitive to anomalous coupling. Another advantage of UeW'Z production is that it isolates 
the W^W~ Z'y coupling. This feature is not seen in any other processes mentioned above. 

The LHC will start operating soon. A detailed analysis of bosonic quartic couplings 
at the LHC via the processes qq — > qq'j'j and qq —>■ qq'~fZ{—>- l^l^) have been done in 
ref.jsl. The former process receives contributions from the anomalous quartic couplings 
ZZ'j'y and W^W~'y'j and the latter receives contributions from ZZZ'j and W~^W~ Zj |5|. 
It was shown that sensitivity bounds to the anomalous quartic W^W~ Z'-y coupling through 
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the process qq — > qq'-fZ{^ are about the order of O(10~^). However, the process 

qq qq'~^Z{-^ l^l^) does not isolates W'^W^Z'y couphng and the bounds were obtained 
under the assumption that only one anomalous coupling is different from zero . 

In this work we consider the process 67 u^W^Z to investigate W'^W~ Z'j coupling. 
This process was analyzed in ref. [l| with unpolarized beams. We take account of incom- 
ing beam polarizations and also the longitudinal and transverse polarization states of the 



final gauge bosons in the cross section ca^ 
polarization of W and Z can be measured 



culations to improve the bounds, assuming the 



II. CROSS SECTIONS FOR POLARIZED BEAMS 

The process ej — > UgW^Z takes part as a subprocess in e^e" collision. Real gamma 
beam which enters the subprocess is obtained by Compton backscattering of laser light off 
linear electron or positron beam where most of the photons are produced at the high energy 
region. 

The spectrurn^of backscattered photons in connection with helicities of initial laser photon 
and electron is 



111 u 

ft 



where 



9(0= 9i(C) + AoA.j2(C) 

91(0= (l-|-^)'"(C+l) + i + f__l_ (4) 
,.(0= (l + ?)ln(C+l)-| + ^-^^ (5) 

Here r = y/[({l — y)] and ( = AE^Eq/ M^. Eq and Aq are the energy and helicity of 
initial laser photon and E^. and Ae are the energy and the helicity of initial electron beam 
before Compton backscattering. y is the fraction which represents the ratio between the 
scattered photon and initial electron energy for the backscattered photons moving along 
the initial electron direction. Maximum value of y reaches 0.83 when ( = 4.8 in which the 
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backscattered photon energy is maximized without spoihng the luminosity. Backscattered 
photons are not in fixed hehcity states their hehcities are described by a distribution : 



_ Ao(l - 2r)(l - y + 1/(1 - y)) + VC[1 + (1 - y)(l - 2r)^] 
°^ l-y + l/(l-2/)-4r(l-r)-AeAorC(2r-l)(2-y) 

The hehcity dependent differential cross section for the subprocess can be connected to 

initial laser photon helicity Aq and initial electron beam polarization Pg through the formula, 



da{\o, Pe] \w, Az) 

= ^(1 - Pe) [(1 + aEj, Xo))da{+, L; Xw, Xz) + (1 - ^(^7. Xo))da{-, L; Xw, Xz)] 

+ ^(1 + Pe) [(1 + ^E,, Xo))da{+, R; Xw, Xz) + (1 - ^(^7^ Xo))da{-, R; Xw, Xz)] (7) 

Here da{X^, a; Xw, Xz) is the helicity dependent differential cross section in the helicity 
eigenstates; a : L, R, X^ = +, — and Xw, Xz = +, — , 0. It should be noted that Pe and Ae 
refer to different beams. Pe is the electron beam polarization which enters the subprocess but 
Ae is the polarization of initial electron beam before Compton backscattering. The integrated 
cross section can be obtained by integrating the cross section (7) for the subprocess over the 
backscattered photon spectrum. 

The process e~7 VeW~ Z is described by nine tree-level diagrams. Only the t-channel 
W exchange diagram contains anomalous W~^W~ Z'-f coupling. The helicity amplitudes 
have been calculated using vertex amplitude techniques derived in ref. 8j] and the phase 
space integrations have been performed by GRACE [9| which uses a Monte Carlo routine. 

In our calculations we accept that initial electron beam polarizability is |Ae|, |Pe|=0.8. To 
see the influence of initial beam polarization, energy distributions of backscattered photons 
f^/e are plotted for AeAo=0, -0.8 and +0.8 in Fig. 1. We see from the flgure that backscat- 
tered photon distribution is very low at high energies in AeAo=+0.8. Therefore we will only 
consider the case AeAo < in the cross section calculations. Moreover the Feynman diagram 
containing anomalous W^W~ Z'-j coupling is a W exchange diagram with a Wev^ vertex. 
Due to V-A structure of the Weve vertex, dai^X^, L; Xw, Xz) is more sensitive to anomalous 
coupling than da{X^, R; Xw, Xz)- So we will consider the case in which Pe=-0.8 (see eq. (7)). 

One can see from Fig. [2]- [3] the influence of the flnal state polarizations on the deviations 
of the total cross sections from their SM value for initial beam polarizations (Ae, Aq, Pe) = 



(-0.8,1,-0.8) and (Ae,Ao,Pe) = (0.8,-1,-0.8). In these figures TR and LO stand for 
"transverse" and "longitudinal" respectively. Transverse polarization configuration of the 
final bosons are almost insensitive to anomalous coupling. Therefore we omit them in the 
figures. It is clear from Fig. [2]- E] that longitudinally polarized cross sections are sensitive to 
anomalous coupling. For instance in Fig. [2] cross section at the polarization configuration 
(Aiy, A2) = (L0,L0) increases by a factor of 3.6 as a„ increases from to 1. But this increment 
is only a factor of 1.2 in the unpolarized case. 

In Fig. m longitudinally polarized total cross sections are plotted as a function of anoma- 
lous coupling an for different initial beam polarizations. Center of mass energy of the e^e~ 
system is = 0.5 TeV. We see from the Fig. Hlthe effect of initial beam polarizations on 
the deviations of cross sections from the SM. 

III. ANGULAR CORRELATIONS FOR FINAL STATE FERMIONS 

Angular distributions of W~ and Z decay products have clear correlations with the 
helicity states of these final state gauge bosons. Therefore in principle, polarization states 
of final W~ and Z boson can be determined by measuring the angular distributions of W~ 
and Z decay products. This kind of treatment was done in reference |lo| for final state W~ 
and bosons. Let us consider the differential cross section for the complete process, 

e~{ki, a) + 7(A;2, A^) Ue{qi, ct) + W'{q2, Xw) + Z{q3, \z) 

W'{q2, Xw) /i(pi, o-i)/2(p2, 0-2) 

Z{q3, Xz) Mps, (^3)Mp4, (8) 

with massless fermions /i,/2,/3,/4- Here a and A-y are the incoming electron and photon 
helicities; a, Xw and Xz are the outgoing z/g, W~ and Z helicities. cxj represent the helicities 
of final fermions fi or /j. 

The full amplitude can be expressed as follows: 

M(/ci, a; k2, A^; qi, a; pi, ai) = Dw{ql)Dz{ql) ^ ^ Mi{ki, a\ A;2, A^; gi, a; g2, Xw\ qs, Xz) 

xM2(g2, AH/;pi,ai;p2,cr2) x M3(g3, A^;p3, cr3;p4, (74) (9) 
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where Mi{ki,a;k2,Xy;qi,a;q2,Xw',q3,^z) is the production amphtude; hehcity amph- 
tudes for e~7 — > i'eW''Z with on-shell W~ and Z boson. M2(g2, (7i;p2, C2) and 

-^3(^3) Xz',P3, C3;P4, CT4) are the decay amphtudes of W~ and Z boson to fermions. 
and Dz{q^) are the Breit-Wigner propagator factors for and Z bosons. 

In this paper we consider lepton decay channel of final state bosons. Therefore /i,/2,/3,/4 
are leptons. M2 and M3 decay amplitudes are most simply expressed in the rest frames of 
W' and Z respectively. In the W~ rest frame, four-momenta of W~ decay products /i and 
/2 can be parametrized as 



Pi — ^^^^(1, sin6cos(f), sin6sin(f), cos9) 



V2— —^{^, —sin9cos(j), —sin9sin4>, —cos9) (10) 

where 9 and are polar and azimuthal angles in the W~ rest frame with respect to z-axis 
defined to be the boson direction in the e^e~ center of mass frame (lab. frame). W~ 
rest frame is defined by a boost of the e^e~ center of mass frame along the z-axis. In this 
rest frame M2 decay amplitude is given by 



^2 = ^^^w^ax-^a'i.-vhw (H) 

with 



(/_, /o, h) = (^(1 + cos9)e-''^, -sin9, ^(1 - cos9)e''^) (12) 
V 2 V 2 

In the Z rest frame we parametrize four-momenta of /s and /4 as 



P3 = —^{l,sin9cos(j),sin9sin(l),cos9) 

p1 — —^{1, —sin9cos4>, —sin9sin4>, —cos9) (13) 

Zi 

where 9 and are polar and azimuthal angles in the Z rest frame with respect to z-axis 
defined to be the Z boson direction in the e'^e~ center of mass frame. In the Z rest frame 
M3 decay amplitude is given by 
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(14) 



with 



h{0), lLi+)) = (^(1 + cose)e-'^, -sine, -^(1 - cose)e'^) 

(IrHM^), Ir{+)) = (^(1 - cose)e-'^, sine, -^(1 + cose)e'^) (15) 

(Cv + Ca) (Cv — Ca) 
Ql = gz 2 ' 9r = 9z 2 

where Cy and Ca are usual vector and axial vector couplings. 
Polarization summed squared matrix elements are given by 



\M{k,,a-,k^,\,-,q,,a-,p,,a,)\''^\Dw{ql)\''\Dz{ql)\''P^^^^^^^ (17) 

In this equation summation over repeated indices (A^y, A^, \z, A^) = +, — , is implied. 

p^w^z jg production tensor and ,I)\f are the decay tensors for W and Z boson 
respectively. They are defined by 



^a^^aJ = XI ^2, A^; gi, a; gs, A^^; q^, \z) 

xM*(ki, a; k2, A^; gi, a; q2, X'w; Qs, X'z) (18) 

= "Y M2{q2,\w;pi,<yuP2,<J2)M^{q2,X'w;Pi,<yi;P2,<y2) (19) 

(T1,(T2 

^i"" = Y M3{qs,Xz;P3,(T3;P4,(T4)M^{q3,X'z;P3,(T3;P4,(T4) (20) 



0'3,<T4 

Now let us write down the differential cross section : 



2s' ' (27r)32E,j27r)32Ei (27r)32E2 (27r)32^3 (27r)32E4 

X (27r)^5^(A;i + k2 - qi - Pi - P2 - Ps - Pa) (21) 

Using narrow width approximation it is straightforward to express the differential cross 
section as 
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1 vr^ 
da = — {271^5^ {ki + k2 - qi - q2 - qs) 



X Plr^^DlrDlf f f rfcos^d0 dcos^# (22) 



After integration over azimuthal angles and interference terms will vanish and only 
the diagonal terms \w = ^"^^ "^z = ^'z "will survive. It is now straightforward to write 
differential cross section in the form: 

da = dai{Xw, ^z)dl'^dlf——^-—^B{W Wi)B{Z l+l-)dcosedcos9 (23) 



■32(C2 +c; 



Here dai{Xw, ^z) is the helicity dependent production cross section, B{W Wi) and 
B[Z ^ l^l^) are the branching ratios of W and Z boson to leptons. The matrices d^ and 
rf^l are related to the diagonal elements of decay tensors (19-20) as 

d\l= hjl^ (24) 
dll = [{Cv + CAfldXzmXz) + {Cv - CaYUXzMXz)] (25) 

It is difficult to identify nine different polarization configurations of the production cross 
section but it is sensible to claim that longitudinal (LO) and transverse (TR) polarizations 



can be identified lOj. Thus we define the following cross sections: 



dai{TR,TR)= da^{\wAz) (26) 

dai{LO,LO)= dai{0,0) (27) 
dai{TR,LO)= ^ dai{\w,0) (28) 

dai{LO,TR)= ^ dai{0,Xz) (29) 

Az=+,- 

(30) 



and 
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dai {TR, unpol) = da^ {TR, TR) + da^ {TR, LO) (31) 

dai{LO,unpol) = dai{LO,TR) + dai{LO,LO) (32) 

dai{unpol, TR) = dai{TR, TR) + dai{LO, TR) (33) 

dai{unpol, LO) = dai{TR, LO) + dai{LO, LO) (34) 

For fixed W and Z helicities above cross sections can be obtained from a fit to polar 
angle distributions of the W and Z decay products in the W and Z rest frames . To be 
precise for \w = ±1,0 polarization states of final W, production cross sections dai{±,Xz) 
and d(Ti{0, Xz) can be obtained from a fit to d^, dZ and d^ distributions in the W rest frame 
(eqn.(23)). Similarly production cross sections dai{\w,^) and dai{Xw,0) can be obtained 
from a fit to d'^, dZ and d^ distributions in the Z rest frame. In Fig. [5] and Fig. [6](i^|^ and 
c/^l distributions are plotted for various polarization states of final W and Z boson. As 
can be seen from these figures longitudinal (LO) and transverse (TR) distributions are well 
separated from each other. 

There have been several experimental studies in the literature for the measurement of W 
polarization Gj. It is reasonable to assume that Z polarization can be accessible in a similar 
manner. At lepton colliders systematic uncertainties are expected to be lower than hadronic 
colliders. For this reason in our calculations we will ignore the uncertainties associated to 
the determination of the polarizations of final state gauge bosons. 



IV. LIMITS ON THE ANOMALOUS COUPLING PARAMETER 

A detailed investigation of the anomalous couplings requires a statistical analysis. To 
this purpose we have obtained 95% CL. limits on the anomalous coupling parameter a„ 
using analysis at = 0.5, 1 TeV and integrated luminosity Lint = 500 fb^^ without 
systematic errors. The number of events are given as = ALint<yBwBz where A is the 
overall acceptance and Bw and Bz are the branching ratios of W and Z boson for leptonic 
channel. 

The limits for the anomalous W~^W~ Z'j coupling are given on Table [T] for unpolarized 
initial beams and unpolarized, transverse and longitudinal polarization states of final W 
and Z boson with the acceptance A = 0.85. One can see from Table [T] that polarization 
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configuration {Xw, Az) = (LO, TR+LO) is most sensitive to anomalous coupling at y/s = 
0.5 TeV. This configuration improves the limits by a factor of 1.3. But at ^/s = 1 TeV 
polarization configuration {Xw, Az) = (LO, LO) is the most sensitive and improves the limits 
by a factor of 2. 

On Table [ITland lllll the initial beam polarizations are also taken into account. One can see 
from Table [ITl that polarization configurations (Aq, Ag, Xw, Xz) = {l, -0.8, LO, LO) or (1, -0.8, 
LO, TR+LO) improves the limits by a factor of 2. Increase in energy highly improves the 
limits. At ^/s = 1 TeV the most sensitive polarization configuration is {Xq, Xe, Xw, Xz) = {l, 
-0.8, LO, LO) and this configuration improves the limits by a factor of 3.5. 

Anomalous W'^W~ Z^y coupling was studied in ref.jl| through the same process e~7 — *■ 
UeW'Z with unpolarized beams. Using statistical significance authors set 3a bound of (-1.2, 
0.74) on the anomalous W^W" Z'j coupling parameter a„ with an integrated luminosity of 
10 fb~^ and y^=0.5 TeV energy. In order to compare our results with the results of ref. l| 
we have calculated 3a significance bounds with an integrated luminosity of 10 fb~^ and 
^/s=0.5 TeV energy. For unpolarized beams we have confirmed the result of ref.[l]. The most 
sensitive results are obtained at the polarization configurations (Aq, Ag, Xw, Xz) = {l, -0.8, LO, 
LO) and (1, -0.8, LO, TR+LO). 3a significance bounds for the polarization configurations 
{Xo,Xe,Xw,Xz)= (1, -0.8, LO, LO) and (1, -0.8, LO, TR+LO) are given by (-0.59, 0.42) 
and (-0.63, 0.38) respectively. Therefore polarization improves the significance bounds of a„ 
approximately a factor of 1.92 for integrated luminosity Lint = 10/6~^ and ^/s=0.5 TeV. 

The 67 mode of ILC with luminosity Lint = 500 fb^^ probes the anomalous W^W~ Z'y 
coupling with far better sensitivity than the present collider LEP2 experiments. It improves 
the sensitivity limits by up to a factor of 10"^ with respect to LEP2. This is comparable 
with the limits which are expected to be obtained at CERN LHC jsl. One prominent 
advantage of the process e~7 UeW'Z is that it isolates anomalous W'^W'Z'j coupling. 
It provides us the opportunity to study W~^W~Z'j coupling independent from ZZZ^ as well 
as ZZ'-yy and W~^W~'-f'j. In conclusion, experiments with polarized e+e~ beams and final 
state polarizations leads to a significant improvement in the sensitivity limits. Although the 
SM cross sections in the longitudinal polarization configurations of the final W and Z boson 
are small, sensitivity limits are better than the transverse polarization case. 



11 



[1] O. J. p. Eboli, M. C. Gonzalez-Garcia and S. F. Novaes, Nucl. Phys. B411, 381 (1994). 

[2] P. Achard et al. (L3 Collaboration), Phys. Lett. B527, 29 (2002); J. Abdallah et al. (DELPHI 

Collaboration), Eur. Phys. J. C31, 139 (2003); G. Abbiendi et al. (OPAL Collaboration), 

Phys. Lett. B580, 17 (2004). 
[3] G. Abu Leil and W. J. Stirling, J. Phys. G21, 517 (1995); G. Belanger et al, Eur. Phys. 

J. C13, 283 (2000); W. J. Stirling and A. Werthenbach, Eur. Phys. J. C14, 103 (2000); A. 

Denner et al, Eur. Phys. J. C20, 201 (2001); G. Montagna et al, Phys. Lett. B515, 197 

(2001); M. Beyer et al, Eur. Phys. J. C48, 353 (2006). 
[4] O. J. P. EboU, M. B. Magro, P. G. Mercadante and S. F. Novaes, Phys. Rev. D52, 15 (1995). 

[5] O. J. P. Eboh, M. C. Gonzalez-Garcia and S. M. Lietti, Phys. Rev. D69, 095005 (2004). 

[6] G. Abbiendi et al (OPAL Collaboration), Eur. Phys. J. C19, 229 (2001); Phys. Lett. B585, 

223 (2004); P. Achard et al (L3 Collaboration), Phys. Lett. B557, 147 (2003). 
[7] L F. Ginzburg et al, Nucl. lustrum. Methods 205, 47 (1983); 219, 5 (1984); V. L Telnov, 

Nucl. lustrum. Methods A294, 72 (1990). 
[8] A. Ballestrero and E. Maina, Phys. Lett. B350, 225(1995). 

[9] T. Kaneko in New Computing Techniques in Physics Research, edited by D. Perret-Gallix, W. 
Wojcik (Edition du CNRS, Paris, 1990); MINAMLTATEYA Group, KEK Report No. 92-19, 
1993; F. Yuasa et al, Prog. Theor. Phys. Suppl. 138 18 (2000). 
[10] K. Hagiwara et al, Nucl. Phys. B282, 253 (1987). 



12 




FIG. 1: Energy distribution of backscattered photons for AgAo = 0, —0.8, 0.8. 
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FIG. 2: The integrated total cross section of e~j — > UeW~Z as a function of anomalous coupling 

a„ for initial beam polarization (Ae,Ao,-Pe) = (—0.8,1,-0.8) and final state polarizations stated 
on the figure, ^/s = 0.5 TeV. 
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FIG. 3: The same as Fig. 2 but for (Ag, Ao,Pe) = (0.8, -1, -0.8) 
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FIG. 4: The integrated total cross section of UeW~Z as a function of anomalous coupling 

an for final state polarization configuration (A^^, \z) = {LO,LO). The legends are for initial beam 
polarizations, s/s = 0.5 TeV. 
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TABLE I: Sensitivity of the 67 collision to WWZ-f couplings at 95% C.L. for ^/s = 0.5, 1 TeV 
and Lint = 500 fh~^. The initial beams are unpolarized. The effects of final state W and Z boson 
polarizations are shown in each row. 
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i rt 


T C\ 


-l.iU, U. lU 








-u.iz, u.uy 




T C\ 




-U.Ur, U.UD 




TR 




-0 99 17 




TR+LO 


LO 


-0.10, 0.09 




TR+LO 


TR 


-0.19, 0.14 




LO 


LO 


-0.06, 0.05 




TR 


TR 


-0.70, 0.40 




LO 


TR 


-0.10, 0.08 


1 


TR 


LO 


-0.16. 0.13 
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TABLE II: Sensitivity of the 67 collision to WWZ-f couplings at 95% C.L. for ^/s = 0.5 TcV and 
Lint = 500 fh~^. The effects of final state W, Z boson and initial beam polarizations are shown in 
each row. 



Ao 


Ae 


Pe 


\w 


\z 


a-n 




-0.8 


-0.8 


TR+LO 


TR+LO 


-0.75, 0.34 




-0.8 


-0.8 


LO 


TR+LO 


-0.50, 0.26 




-0.8 


-0.8 


TR 


TR+LO 


-1.20, 0.52 




-0.8 


-0.8 


TR+LO 


LO 


-0.65, 0.35 




-0.8 


-0.8 


TR+LO 


TR 


-1.02, 0.48 




-0.8 


-0.8 


LO 


LO 


-0.47, 0.29 




-0.8 


-0.8 


TR 


TR 


-2.36, 0.90 




-0.8 


-0.8 


LO 


TR 


-0.61, 0.33 




-0.8 


-0.8 


TR 


LO 


-0.89, 0.47 




0.8 


-0.8 


TR+LO 


TR+LO 


-0.84, 0.46 




0.8 


-0.8 


LO 


TR+LO 


-0.60, 0.39 


-1 


0.8 


-0.8 


TR 


TR+LO 


-1.20, 0.65 


-1 


0.8 


-0.8 


TR+LO 


LO 


-0.76 0.57 


-1 


0.8 


-0.8 


TR+LO 


TR 


-1.10, 0.56 


-1 


0.8 


-0.8 


LO 


LO 


-0.70, 0.64 


-1 


0.8 


-0.8 


TR 


TR 


-2.36, 0.98 


-1 


0.8 


-0.8 


LO 


TR 


-0.68, 0.40 


-1 


0.8 


-0.8 


TR 


LO 


-0.90. 0.65 
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TABLE III: Same as Table II but for ^ = 1 TeV. 



Ao 




Pe 


Xw 


Az 


an 


1 


-0.8 


-0.8 


TR+LO 


TR+LO 


-0.08, 0.07 


1 


-0.8 


-0.8 


LO 


TR+LO 


-0.05, 0.04 


1 


-0.8 


-0.8 


TR 


TR+LO 


-0.17, 0.13 


1 


-0.8 


-0.8 


TR+LO 


LO 


-0.07, 0.06 


1 


-0.8 


-0.8 


TR+LO 


TR 


-0.15, 0.11 


1 


-0.8 


-0.8 


LO 


LO 


-0.03, 0.03 


1 


-0.8 


-0.8 


TR 


TR 


-0.62, 0.33 


1 


-0.8 


-0.8 


LO 


TR 


-0.08, 0.06 


1 


-0.8 


-0.8 


TR 


LO 


-0.12, 0.10 


-1 


0.8 


-0.8 


TR+LO 


TR+LO 


-0.11, 0.08 


-1 


0.8 


-0.8 


LO 


TR+LO 


-0.06, 0.05 


-1 


0.8 


-0.8 


TR 


TR+LO 


-0.18, 0.14 


-1 


0.8 


-0.8 


TR+LO 


LO 


-0.10, 0.09 


-1 


0.8 


-0.8 


TR+LO 


TR 


-0.16, 0.11 


-1 


0.8 


-0.8 


LO 


LO 


-0.06, 0.06 


-1 


0.8 


-0.8 


TR 


TR 


-0.63, 0.33 


-1 


0.8 


-0.8 


LO 


TR 


-0.08, 0.06 


-1 


0.8 


-0.8 


TR 


LO 


-0.13, 0.11 
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